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(54) OPTICAL SEMICONDUCTOR DEVICE AND 
MANUFACTURE THEREFOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To adjust the position of an 
aspherical lens by easy work in a short time without 
using a special equipment and to optically couple a 
semiconductor element and an optical fiber with high 
efficiency. 

SOLUTION: In this optical semiconductor device provided 
with a laser diode 1, a photodiode 2, a silicon 
substrate 4 for loading the semiconductor elements 1 and 
2, the optical fiber optically coupled with the 
semiconductor elements 1 and 2 for internally 
transmitting laser beams and the aspherical lens 3 
loaded on the silicon substrate 4 for optically coupling 
the semiconductor elements 1 and 2 and the optical 
fiber, the silicon substrate 4 is provided with a V 
groove 5 whose axis is in almost the same direction as 
the optical axis direction of the laser beam between the 
semiconductor elements 1 and 2 and the optical fiber and 
the aspherical lens 3 is directly fixed to the V groove 
5 so as to bring the outer peripheral surface 15 into 
surface contact at least on two surfaces or line contact 



at least at two parts with the V groove 5. 
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[#ffFM*©«ffi] 

©IH©i/-1f3te©3t*l»l^i:*RID*finf*5«»ftflt 
[SMfc» 2 ] 1**11 1 K*©#*aH*SsBC#^'r, itu 

[ii*U!4] »*BllB«©3t#3W*ait»K:*V>T> bu 

tiiiRmakm&m*&frx.&'j>tt <t*>2 mmx-mm 
tsioc suf 3isgGf>: asa^^tiT v * a 3 i: t 

13b >Xtt, tffiEfBttffiiM) U >X«t».Mft£fa£<* * 
(1/1 5) g (t/D) <1 

l3*^^?A^B!is3®tta5»ST-©g§l8l4L, h583V 
>X©«u£gggft£ fiUfct^ 
0. 7x (D/2) gLgf 

mmo 

[§f#S7] »^«4|3«©3t^«^gtC*3VNTs Stl 

*), -^©ffl*gB^©fiji!S^e»fi&^©ffl*gf5^©^Jgs 

T-© U >XJf£ £ T i: Lfe i: 
T<D 

>}>■>&< t<b-%fre>t£Z*m#.m*£, z<D*mi*m? 



AMB^flSfticftttSfu Bfjf3*«»^?fcBui3* 
*FS*B*fflC«*WC«SBrr 3 tztb<D* 5> v 4 XE 

Bij|3l/ > Xtt, *©2Wil3tt#fisS3itl&fc 'J>tt < t *> 2 ffi 

[»*H9] W*iilXli8l3*©**^f*^«©Sii 

buI3W >X*«»SB«Tf WW b«&j£ bTBtjl3»SW© 
»8ISC*iIU 

8WBiBBBfffl«©BWttJI8© * £ SulMmM**? t ©SgHt 
#ffi£<i6 S «fc o ^lu83^g|5±T" H5I3 V >X©teg£ 
Ml/fe», #tt&H^fc«^g)5MT-miI3U>X&^© 

3 * £ gffi 3 U >X&Bui3ipfg&C@}£ bfc 
mflBiiS^WavSWB^gCWS b5I3 u >Xfr 

[»*ai0] ^*iR9I3«©^^^a©«!ig^S 
fcfcvvt, Btil3«^gl5»i:bT, 9'f-V , W«, ^-XgiJ 

[0 0 0 1] 

[0 0 0 2] 

imko&m ^©a©^*^*»g©«jit» 

toa^Ott^i: IT, «M¥5 -3 7 0 2 4-«§ 

1WK4-26 1 0 7 6^<2:?g, #SS¥9-90 
1 7 4^ffi s *rmBB¥6 - 2 8 9 2 5 

[0 0 0 3] - 3 7 02 4 *&*fc33*0>#* 

Vf^Btts *«*^3t^?fc*7 5"f^i:©3tS-&S; 
Stb>X^^bT^dfe©T-fc?>. f 

«u>x<£s^-r5fefe©+^tt©v», 
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U-lfWMi&t, ^UyX^ff'C'SB, &&%7?<<rtO> 

B"CJB D «. fcfc, 4-2 6 1 0 7 6 

[0004] - 9 0 1 7 4^fi«CB«03t* 

xtttg i © i/ >xr-^ff^{c zntz v -yye&myt \,% 

-eft^©?^, ^1©U>XB\ iNMfcU-if£ 

x-fcjvyizffiagtix^z, MSi/>xt-fe5 
tz U- tr##¥fTjfci:*t3 i-5 fc*aw*i/-tr tm 1 © 

v >xra©ggist ■ nzRvm i u >x©m§ • wnsa 

8 9 2 5 6^&ffiCfc, SS|5»©«^©*^f*^S 
[0 0 0 5] 

[0 0 0 6] -f&fo*K #^¥5-3 7 0 2 4*§£3HR 

«?4- 26107 6^&®izmm<Dft#m<*mm 

U-+f*©«3ttt* s li<*5o *©e*, 
* i ?>©ttJ*^©b^i s (£<^5o -ZtDtz&b, 7-r<{>\ 

*h©{£$#E*i:&3. 

[0 0 07] g=& % WRff9 - 90 1 7 4^&$B£im 



M¥ 6-28925 6^£&£IB«0ft**ttSBtt, 
2o©i/>X©ot)©^l©u>Xi:LTs «l/>X<t 
t) *JRM* s '>=fe^#«®^>X<&ffi^t^^mt ! * 
5. ZOTztb, ±SB&9mt.Stl3:f>V— tf*©*^* 5 

SSlCDl/>Xfejg»H^-r5*ft7f*Sfc«K 18 I©!/ 
>XS3i-3T^&u— LteifibWrfytttt 
S J; -5 C 1/ >X^S!^S fc4&©#&&K<ii&# giJifriJg 
*&frl'—tfbU>Zt<Dm<D 

sg$ • ss&vi/ >x©«g§ • gm&as-r 
i©p>x*isa*-r**«"?ife4fc«&, liTffi^s 
asffloBWtt, #»*is«4ffivN5ii:*<, sun* 

0«SJ&^*T*«fflP>XO{ft«l»*fTV\ iftv^ 

So 

[0 0 0 8] 

[BW*»»-r5fci&©*&] ( i ) ±I3g#)£*&-r 

WHstttzmmtstis mM^m^m^tmm^7T-i 

*7 7-f^i:©M©i/-tf3fc©3fcW*[qJi:BSIB]C^iRi-r 
feS»SBS<«^T*i?3> ii5i3U>Xfct, ^©^ffitfga 
aa«fflC*S: < k t> 2 fflT'Sg^t- 5 < k 

oa. i/>x*ssffigp^{3^bfe»gi5ca«B^?n 
uyx<D&z&t>i£*mmmx'fToZL£ifiX'%Zo *. 

^«?>o cmtcit), -e©@^®©2ta (x<±^©s^ 
B) «D«:-rft*2^-r«H^ ^feft©2n Ufct^ 

(OSftHO ©*-r^©2H^#, jgg)5©!ttiSa^|q]i:^ 
2«8T««tt**a*x ®}^©2ffl J ?>^M©2l^© 
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ffiB\ZWtS.?Z1z VT- V >X©fflti#-t? n i: ft £ <fc -5 C 

#«®u>xs/bv>s»&*n «*«bboj:^c*«» 

««n»o8AftfmtT l" >X©(ftB8HS*ff d c k 4* 
[0 0 0 9] (2) ±13 (1) fcfcWt* #*b<ttx 

«^ mtmimmn o *> wttvfr i of tb 5 o 

[0 0 10] (3) ±IB (2) CiiV^Ts 

[0 0 11] (4) ±83 (D fcfcOT, SfcSfSK 
l±s Bufau>xi±. fSttgP^4«tx.t:*t), C©fTOG 
H5i3»SBC®&M^5fr;x.(±'J>ft< kt> 2®mt- 

[0 0 12] (5) ±IB (4) C*V^T» S&CffSb. 
<l± ituf3b>Xfcj\ HulBfStta5^©^>X*'t>ifi^|pI 
MSt. l£b>X©^g£Di:bfck£s (1/1 
5) g (t/D) <lfc&SJ;5fc1ftft£ilTV<>5. 

(t/D) ^ (1/15) uyZft- 

gfc^-r *«tt»^©«* *-h**s <fct)v u >x© 
«m***ti»±-r*cJ:^T!**. (t/D) 

<&£©£K±bTb-1f3fe©j|ftl4£K«U |g£» 

[0 0 13] (6) ±13 (5) C&OT, *e>K»St 

L> gMBb^XCDMbiMBiftf klfci*, 0. 7x 
(1/2) xDgL^f kftSidCEB^iit^S. 
0. 7X (1/2) xDgLttivttCiD, 

^tzmsz-ezm&iz, *3w*3it?ffl©i/>x<z)s* 

*^?>«tt»»* t©rai<«i*i:«e t) b-tm#¥ 

ff «t ^ *>e#^t us a ©samtiKih-rs c k* 5 

[0 0 14] (7) ±E (4) t*^Ts £fc#£b< 
l±> SuI3L/>Xtt, l»IB1^«#©iS«fc{M( U U- 

XtliOs -^©ffl*gB^©H5C^?>ffe^©tt*a5«-© 
^4S*t'©U>X@$4Ti:bfck§x T<D^^5<t 



5fi^l}J:9i:bT*K gfcSWOSgBOigSBCT&bT 

fesgigy.±tt®^tte>n^^®^$>5* j s 

^>Ts tt^fc:fett$3H^j^©«£fc*MMSfc-rs 
[00 15] (8) ±tBS6<JSiifi£TrSfe#>JC. 

B3Ea«6«B«C»*$n, iuI3*#i*Jl^i:SulB^7 7' 
-fA-i:^e()l:^$tSl/>Xfcs huIB**^^ 

ft*js^»t ««wt:ssR-r 5 & »o^ * 5 -r xsasns: 

tfU-FWFi:* S5l3»ESW4iRiWrs^-^k,:mf 
IB*7 7 -f ;ttfiRU i)t3^-^©-4St:^fc^'f 

^k©P^©b-1fJfc©ifc#^F|fili:BSPlb*(qI-C 
ft*«»*«*T*D, SuIBU>Xfis ^©^MlStfmi 

reawsofc < t %> 2 mz-msm-t a frxi±'j>& < k t» 

[0 0 16] (9) *fc±EBfl9*a«-r*&»t, ± 
13 (1) Xfcfc (8) ©»j&ffi£fc::|30T\ BuI3b>X£ 
«8»»trciS» LWtm bTHuE»tR»«©»«C«a 

b^ «jf3i!5* aw ©«wtt«o * * flisa*****? t © 

SSISSbfcSs 3»144«iifc«^gWT-HijffiV>X4 
^cDHSESftfcteBCfSJSU i©^tt®©SSBu!3 
u >XSSM3itWWt:H^ bfe^ mIf3i!S*gl5«J5t>*Hul3 

gP»T-l^>X4»gBt«^bT@^5^kCtt)s b 
VXMJBB k»SP©S<ttSi5^t:^&^A5j!iO^ 6> -Ts 
u>X^weiii*s«g|Jt:g«,K[tt'5«tdt«f*T?*4. b 

fe^t u>xs^wt{fis^c*bs^-rsckA s 

Tf * S©T% £ e>£fleSC b >X©fS* • ®tx4K± 
[0 0.1 7] (10) ±93 (9) C£l^Ts ffilB&ftffi 

MhbTs y^-vsuWs ^-xgi5»s soffit* mmm. 
« sifcne>©gB»4fii^fc«j^gi5»©^Tt»'>% 

<kt« loSflJOSo 
[0 0 18] 

[^W©HSE©ff^] felT, *^B§©HfiSff^^®®S: 
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So *^W©^ 1 ©StMBgSfcBI 1 ~04fcj; t> 

s w»®ia*ia2t^-r. 

[0 0 19] ^OH2C^T, ft&M&Sttt* 

bT©U— tfy-f X- H 1 sww**# 
x- p i xv? * h ^ x- h 2 sikiw&jsix h%=m 
^ x- h 2 siwpwb*? mmtz > y 3 >g« 

4 2;, U-if^X-bUStfT^by-fX-f^iift 
X3ic, u-lfif-YX-F l&V?* h^WX-^fc 

SEH^»c«s{»tfigR-r a fc&©^ * 5 -f xib& 1 2 

Slfy-KSSB 5 -?*:, ^•;=»>afS4$JR|fl-rs^-^ 
6£, Jt77-fASrtSU 6 ffl-iSSttSttfe^ 

3f?5o 

[0 0 2 0] >5r-X6(i, «gHM*&«*.fcmtf-fe7 
5.^^X«T'*m^nT*5D, <J-hW7£iS3<8lic:4 
*-3off-8*«|^TV>S. c©<7--7,6©±Bfc:ii, >T 

It, 0»*.tf, (02 4*®fcSifi75[nl) *s 4. 6 m 
m, mm (02^±T*(fil) #7. 4mm, S£ (02 
# 1 0 . Ommy^TJj!), U-K«^7 
*s^JA.K2. 5 4mmMPBfKtt^nTV.5„ 
[0 0 2 1] 

[0 0 2 2] 7i;Mb9H, 

Wfefteb-^s&jBS&tti ifc*»e>«**n-c^5. 

;®7 x;i/-;i/ 9 ©m t> ft It ©Pgtt, #i*B V >X 3 *> 
^SIoT^fcl'— !f ^77 -f Ate At*£-ti\ -£©2: 
* ©# 7 7 •< VSfflT} £ & S <£ -5 C {SS ^Mfi b 

&j»gwi i*^^8«iist:u— y«» (0*x 

•T) T«bT^S. y;H3=7gB»l 0©5fcigfcSfcB 

ifc)i677-fwjtisi4tt > i/-+f^x-K ia>e> 

^«UfeU-tf^*s*7T-f^-«l 4T-SWMt)^i: 
LTU— try-far- F l(cg|.5©£Efi H2K 



3 bfc S/ 'J 3 >S« 4 *>r-7. 6 ©4»j&j&» & -S>^> 
0 2*Tflatir<bbTl&gX3Cl2:t<fc9, #J*ffib> 
X 3 *» e>A o T fc 1/ -if ##0 2 ±# t> 7? IS) t m 

[00 2 3] *HSf6ff^©**««^B©^S© 1 oT- 

mT$ixmmm**n*nmz (a) &1F03 (b) 

Xo ;rft£01, 03 (a) , &IF03 (b) fcfcu 
T, U— tf^2T-Kli:7*h^2r-K2tt, i^y 
3>a£*R4©±®fc:j&*b&.**5-fXEIIil 2±©v 

V7*h^-f*-K2tt % ^-f-^-JiO^^^yi 3Sr 

[ 0 0 2 4 ] y -d >m& 4 IC l±, «K@^* S ^JS© 
mzti, c©V?»5<±, tS«©^®5a, 5b2:iS@5 

ct*e»«fiE$nxu5 (03 (b) #ko o at, v 
» 5 ti, (Dmutf i/ — tf y -f * - h 1 mi? * h ^ 

5T- h* 2 i: ^ 7 7"f nfc ©Pfl © v -If *©^W7j IrI 
¥ffa*l^fcft^T^S. V»51±, 03 

(b) ^^n^^^mmmrnimmmk^m 

W^fcft^t*!), b**)3©i:§, HI5c©@E 
7jr6)ffi$ii»73|p|t-^ (-T£irfcJgB5 ct±7J<¥ffl) 

£ (03 (a) 4>±T^fql) #1. 0mm, V*S5©j?£ 

[0 0 2 5] #J*BU>X3I±, u-w-fpr-pi* 
6HH*f* U— tf^tMLTAItiSffltffli^JBHKffl^ 

tt, #3»Bl/>X3tt, *R«JBtt-C*5«««l5^3a 

X(iffiWffiigg|5i:ft5 2o©fl*g|3^'3b ) 3ci:^?> 
«A$ilT«>), ^«gP^3a©^)SI®l 5*SV«5© 

nmmsa, 5bc»b2«Bft?«K«-rs (0 3 

(b) 4>©i^}^4gi5ffil 6#bb) ioC, S»^J (0?, 

#r> ?mm£fflaLi<tix^z m^mm . at, 
u>x3»w-t©ffliatH-rs#fl5-«fjsi4s ffivw&3 

a©U>X4><t»4tt^(^ft$t (03 (a) #^) , U> 
X3©W1D (PJ) , -7j©ffl*gi5^3b©HuJffi*»e>ffe 
7j©tt*a5^3 c©^^T-©b>X*^T, SlFU- 

tf y-r x- k 1 e>«tt»^ 3 b a xmm l *«, 

(1/1 5) ^ (t/D) <1 
0. 7x (D/2) ^Lgl. Ox (D/2) 
T<D 
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l£, D = 1 . 5 Dim, t = 0 . 2 ~ 0 . 3 mm, T = 
0. 8mm, L= 0 . 5 3 mmi:&oTV>£o # 
«ffiU>X3©|BCIftfctO. 55, fafiSmf = 0. 7 

[00 2 6] ^ffiSSOi^ 1 -oC^T-fe 

•5, v'J3>ai&4©Vi»5/\©l/>X@5£;5i££04 

[0 0 2 7] l/>X3ftiSt4IICtt, 

U U— tf^-f *- I* lk 7 2 *JWBb 

Sil?tf;»^l/»l^72 lfcV»5 

©«rtf fafcawvgfcte #s > y 3 4 ±© u -if y 
-f X- t^X-K 2 k©S6«S^er^filic 

■wra. 

[0 0 2 8] 8HBfcJ;t>TlE(i*«Bf*fika:t>fee»x ■€ 
©tt«T\ 7Ytfi^Il 9tSt?3{t^fc'7'r^ge*f2 
0t#MU>X3©^JSIl 5Cg&&£li\ ^61:7 

9&B4*£W©;£fafc»»<*'t}\ #«ffl 

1/>X3©*W8® 1 5C7-fW2 0SiSi)#fettSI 
7J**ffl b >X 3 V* 5 C#P UtfcN #«ffl U >X 3 

**©ara£tt&ffi«fc«j*-rs. #j*bu>x 

3£7^-V3W2 otfWbf^W-fekgt:, *«1U>X 
^OffflffilfnililO/iniHTv ^Kftiiil 

— K 1 k#7 7XA©#j&£®2£#*£<<rFXacii: 

[0 0 2 9] /&©&, *«ffil/ VX3SV* 5 OBf^ti 

X3fcV»5#18«bTV>5»fl- (Xftfr^03 (b) 

l/>X3*V»5CB*f *. vi©i:§©ft#« 
t LT«> immi' >X3 UfettffiT-^P^T-ffi 

[0 0 3 0] C©<td{CbT^fflU>X3SS^Ufe 
U>XG^WX2 lM7-ft«W2 0£**ve 

n*«si u >x 3 e, & s ^x„ 

[003 1] tt±©«t-5t««L&aMI«0&JB©f^fflS» 
[0 0 3 2] (1) W>X»«*gK 

imm u >x 3 ^s^tt^ y 5/ >j 3 >stg 4 k 

ftJj$LfcV»5CiI&®££ftT^a£i:iC«fc»K ^to 
5 *»f*0»*Tf»tffi <^fiKbT*>* < Z tX' \y~ 

vy4 x- k 1 © u —rtiatB&v7 * h¥4 x— k 2 

© l/— tf AStSBklNl*® P >X 3 ©#«©if5;* 
S&IBgT-ffdCiitfT-^a. Vflf5©!«#w- 



5 1/ >X 3 ©©«$# 3 a ©MfflBS 1 5 # 

u >x 3 £ v?g 5 ti&axa « iiz-imm u >x 

3©«S#-Bni:&S (t^fo^^«®U>X30t* 

*fc*ia#u— tf^©^«^(o]{c-i!iX5) . *e»t, v 
s-ra^ttT-, #**®u>X3©gijft#-t?D£:;&a, .3 

4fcfflwt±SBl/&J:$l^ ^®u>X3©H«ffii:i/ 

-tf y-f x- k 1 o i^— »f aw«5xtt 7 * h *y x- h 

2©i/-ifA»«fc©H©re*£fc*©#4fTiltt«fc^ 
©T% tfyx-tfifiS^t-^-^StioX^OSBBtS:*- 
WLooWS-TftttSDa. Ifetfot, tfcM&Ji©.* 

>XX;^£ffli^a.r k& < #B1cS l/>X3*V15i: 

£@a z t *> ?• 1 a©-? x u y b mR~-<Dm®m%iz<g 
[00.33] (2) vyxm^mvixmm^m 

> 'J ^ >ISR 4 <DVm 5 ^WiB 1/>X3 ^@*XS £ 
g. W&&ffiz.tz 1 7-< J r8ltilt2 0t#Wl/>X3^V 

tvmsommsm (mmm&i 6) 

ADte?>X, U>X4W8®1 5#V»5fcg«fc«$«t-5 

tawesa. tfcA^T, #a®u>X3*$^{c 
ffi«*»LHS-rac:i:#-e*a©Tf. ±13 d) tii 

11/ >X3 ^/J^T^P* s li^«^C#»T-feao 
[0 0 3 4] (3) t/D©S£CJ:SfftB»iR 

t/D*sfe$?)^^xgak, u>x^g(c^xa©« 
a5d©fi**wcft<, u>x©©jnsB5ihxa©*s 

BUk&aqJtgffidsa&a (03 (a) #M) o *H$i» 
t/D©tt*«^IE*Xtj»fUfc<S*N W>X 
©«n*5l*KKf±7?S a t /D©TKfttk LT t /D 

= 1/1 5<«is-cfeai:*iwufco t/D = 1 

fS«g|5^-3 a©U>Xcf-C>W^fqlfi^ t&Zfttma 
VyXZOftm.Vtf' (1/15) g (t/D) < lttt 

or^a. cnciOv *«Bi/>X3©fflifts$6c 
cs<«i^xa3i:*st§a 0 

[0 0 3 5] (4) LfDsStfelZZmmitom 



(7) 
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SBt> 3 a $L-e<Dffl&ifiM*£te !> V» 5 ©TO^tfSS 
& 3 &°!tm#3b& (03 (a) #M) . # 

WBWtSfHU »CJI*tti!y^>^CJi*V||5©«l 
8Mfl£ttft#MI UooL^D©ISa*«A TtfcW b 
fclS*. ±!3 : F*ft«E*fcl»lh7? « S LCDTKfiSt: bT 
0. 7x (D/2) #M^T-fc3fc«Tbfco 1/ 

-tf#v h* i *$>aari-s ^— ■tfjtttaft 3 okbo 
hzofcv-itz v -vatifi+fr&mm u >x 3 1 ah- 

i/ft<&5RrtBtt#*.*. *SI«B^#«tt, L^D©ffl 

>x3CAire*aL©±iBtti:UTi. ox (d/ 

2) #@=lT-;&3i:«?rbfc. S*. C©L©«5ffl&H 
S*4fc«>©ftS»fllJ&0»i:LTfck #Stffil/>X3©W 
PIRSO. 5~0. 6fcU Sfc^«fflV>X3CD^ 
3§88£0. 7~0. 9mmtttl«iV^ *HSSff^t 
#^TBu BuMbfcioC #Rfcfflk>X3©B9n»* 
0. 5 5s to£UEtt&0. 7 8mmi:U 
-Hl*»-&«tt»d3a*-C©«(|L&0. 7x (D/ 
2) gLgl. Ox (D/2) ^?SJe-T5J;oi3i^b 
t^5. Z:*lfc«fc»K V»5©«Wfc«tt»#3a#T 

[0 03 6] ( 5 ) ^©m 

tmm v >x 3 s«#a:T. -s^ *ps#»*©«* 

» 5 ©HHBC^ft LTft S8&£Lktt£T3tt e> ft&V ^ 
l§r#fc.g>#s *50B^JI8t*i^Ttt, #SHU>X3© 

&<«tt»£3a,fc&*>S&fclx-1f4M , 3r-F l*t 

[0 0 3 7] ±ia»l©SQBB!BC*V^Ttts * 

[0 0 3 8] £fes ±l3«loSSE8B&JSC*3^Ttt, * 
33cffll/>X3i:U-1fy-f*-H 1 i:©SB6K^tRl©8iS 
lis *-^-«BCJ;oT*©eillftSHIIbO"3fTofc 

BfjaE«fcf5J:3fcbT*>&^. £©«£*» 
[ 0 0 3 9 ] $ e> C, ±1331 1 ©3lfi£©ff« *5^T • 



«ffi»jKtt©aiTfifeoT*»j:v^ &©»£** ibmi 

[0040] *fe, ±ia^ i ©nsfsff^t*v>ttts # 
a® u >x 3 ft v* 5 cisg bs bft»t fc«JBT? «sa« 

5<Do%imwv>x3&mwznhffifriz$>t>ii>b)s>> 
[0041] $biz, ±§mi<Dmmmiz#^zi±, 
x 3 (Dftmm i ■ 5 # v«t 5 ©® tigjgflrf s pst: 

©OT£ffi;tfcffll©«$gW^£^T&&^o Sfc- 

w*sBBtt*-e*oT*sv>. £tt&©«£*ra«© 

[0 0 4 2] $ fc x ±mm 1 ©fdBfcJBKfc^Ttt, H 
S^-X6©tffi^ S£4. 6 mm, fillB7. 4 m 
m, S£10. 0mmhUTt,i5^ Z.tlibK.m&£tl 

twcttn^. i"tot>*>. xy > h*«'NCDP8ffl^» 

ftWtlt-TSClis >r-;* 6 ©1^2 4. 7 

mmaTt-rniSSti So f bts X-*6©i^££ 

4. 7mmy.Tt-r§fe46t^ ^— ^6rttmtl^ 
5^acSU>X3©^gD=2. OmmfeTFt-rftifM 

5, *mB&»©«tdtD=l. 5mmfc|Be.n«*© 

[0 0 4 3] £ £ ±H3» 1 ©IUBBJBC*^Ttts 
03 (b) c^^iiaidc, vyxwmi 5tvm 

5fctt2o©«ffi»»(41 6, 16T*^SMbfe*\ i 
>X^/S|®1 5©gTSPtiSlg^i^-y-S^* J #^?)ia 

5o cne.0«^i, ia]«©^*f§5. ££K> ^ 

tttfeR^n^ V^5h2fflT-HSM-t5J:dfcbT 

*«t^. d©»^©M^Jft05{c«t?)Uiwrs. 05 
(is c©sBK«yt:*tt« u yxmm&m*$L-rwmmT- 

ifeDs lgl©3yiSff^©EI3 (b) «c«{Sffl^1-^@T* 

i0@5t:fti?l:, d©5g}f^JTtts 
U >X 3 ©fSttSi57> 3 a #B&^*lfS ff^tt (iEStC ttB§+ 
-^©ff^tt) t&t?T*55s ^©^jilgPl 5©a*»2o 
©SI 5a, 15b*s, Vi5ffliiI5a, 5bi:© 

xyf^n-M^nSVISffl^ISa, 5b©^8 
(mz-&5 4. 7° ) K^to-et«tt««-3aflDI6*ft 
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5 a, 15 bx-ommm^mt i/tv>*. *&&fm& 

.tot, S^itD^^^fcjgj&t-s 

WW*?* 5 «l©fQfi»*J:D*>, 

U >X 3 ft V» 5 £ £ £ bfc#»T*g«"C t 3 £ 

[0045] *&W<Dm 2 ©H«0K<§ft0 6 C «fc t> ^ 

[00461 c©06 icfcivr, *£Mffl£ag£ ct 

itfflO^T-'T 1 7 tr-Z6f*)<D%&$il}t& 

fro tz&tXDJSyxm 1 8 ft^ft^ftiiAo@;£ LfcflfjlT* 

[0 047] ftT-f V 1 7 fct N fi&Uimg 2 . 0 

mm, ft^2. 6fnm-Cfetl, -/'gfrfef 1 0©;ft 

77-f/^Si 4«c{igf Stoi:, fe5>iPbtf)*T^ 

So d©2:£, ft^T^Sfcigl 4^©#7M VI/-* 
1 7©Ifii, U-tf#©j&i*©igV">jg«#J 

iCiiMtflSLOo ifc*7-fVI/-*17tt, d 

-f vv-* 1 7f**7i;v-fl'9&>W:/8J|llfflC88« 

-Ag&eiiiLm 7x;i/-^9o^sgp*ri 1 
ens a& t amm t uTiWftfT-scttf-c**. 

[0 0 4 8] 8fcfc, #»SUVX3i:Jt7-f 

1 7P4©^-^6ffl!iagPHISM^tlTV'.2>o C 
©A'5^ffil8ii, ^-^6©ffiOStCi£lfe^7^fe5 
l^ttAu 8 0 - S n 2 0#attA/«T?ft£- (H9#r) 
£ftT:fc!3, d©^#, #J£ffiU>X3£$ioT&feU 

— vyt&fcMmvytt Lxu-vmr- k i jcm-s© 



[0049] -^fflfteffl«ii{±, sb i ommmtimm 
[00 5 0] xmmmmiz «tn^ is 1 ©nasff^fc 

PH*oj»*fcia*x jar©******. irt£t>%, %7 

1 7^3*Hl/>X3i:3fc7r<Mt©fflH 
KBtSifcti!), *7 7-f^«l 4T-©&tH^> 
^x^fflS*»e>©SlfTl/— tf y-f b* 1 CS-sT < 5 

^-xBciic^-t^ (H9«-r) ft* 
ifix- § s©x% sm©ax t isv -if y-f f 1 © 

^SiW, *^fSTftffi<-ci:AST-^, ffj^ttft|pl± 

[0051] &£, ±ian i sv^ 2 comammtjs^ 
xtts viRv<y*h 2 tit 

fVOWSG* 1 U >X 3 SHFCff 5 tft 

*mfc%im*mizt-?xmwLtzifis znizmzntt 

-r&t**,, m< tti l-ooMii/vxsfflus 
«s^3t^*"?*ntfs ^e© o u >x 3 ©jsh&bi 

£©»i§rfcl^«©»j£ftf#3^#?-iS3. £fe, 3© 
«k d KdJ>fc < i: 1 1 -o©#SRffl 1/>X3 ft^trffliS(© 1/ 

miB&JBfciSWS (4) T-i«B / §bfeL©iS^©±Pffi(± 
<T*)^V~>. -ftt.t)%, fi»UKb>Xft2o 
ffl^Tl/- tf^^-K 1 k3t7 7-f/tfcS^t5 
®^T% 1^-tf y-< 3T- HllOl/ >XC#»® 1/ >x 
3ft$V-.Sfc§fci:, f0»Il/>X3OMfli (S7 
* hy^f X— H 1 fit) tt b -If < i: t ¥ff 

trnwrntusDs. -©«^ L©feft^^sg^f« 

Tt-ttlt£, I/— !f3tt* J3 Fff^»fiI«ttJ*l£* s t>-CU*-5 
©ftfit^tcK±T-§-5©T\ L©±Bttttf fcfiittJE 
-Ttt.t>%, Z.©©-&©L©iS^(±, 0. 7x (D 
/2) gLgfi:*So 
[0 0 5 2] 

[0iS©lffi#&|ftia] 

[0 1 ] 1 ©H«0g*fc«kS3l6*«««»<O 

[02] iai t7FLtz%*mmim<D±<mmzm'7*. 
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[03] miiz7fi[stzffim<DmmffimRvwffimx'& 
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6 




[04] ^'j3>at6V^©U>XB^S^r0 


7 




Tr&So 


8 


A-f X 


[El 5 ] m 1 ©Hfififf^©^0!|{Ci5«^ & 1/ VXJgftfS 


9 


71*-* 


ig£3?-r<!IS0T-&3o 


1 2 




[06] *^cr»^2©H»^{CctS>t^^S© 


1 3 






1 5 


u >x^® 


[?S^©aS£B£] 


1 6 




1 I/— 9tT4*-Y {*mi*-%ytm?) 


1 9 




2 7 * b 94 K 


2 0 




3 #iHcffll/>X (U>X) 


2 1 




4 S/'J3>3S« 


2 2 


mmmm 


[01] 




[02] 




5: V* mm) 
15: uyXftftm 



[03] 




(t) 




(b) 
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7: V-Ktt* 
9: 7 * ju-ju 



[04] 




21: uyxn&<<i? (**8tt) 
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